Pricing is a common measure for parking demand management that has been implemented worldwide. However, the impact of parking price on a parking lot's quality of service is seldom discussed. This study investigated the impacts of a ladder daily maximum fee charging strategy on the quality of service of the Hongqiao International Airport parking lot based on automatic transaction data before and after the strategy was implemented. An evaluation framework considering managers' and users' perspectives was designed. The estimation results show that the new price regulation method largely discouraged long-term parking demand and improved the availability of airport parking facilities, especially during long holidays. As a consequence, throughput and income largely increased in the airport, and there were extra time costs during vehicle departures. The price elasticity of parkers with different parking durations was further estimated. The results showed that price sensitivity is relatively inelastic but varies based on parking duration.
Introduction
Due to travelers' high reliance on private cars when accessing airports, parking facilities are regarded as essential elements on the land side of airports [1] [2] [3] [4] . The operational efficiency of parking facilities has a great impact on airport quality of service (QOS) and is therefore of great concern to airport administrators and authorities.
The operational difficulties faced by airport parking managers largely differ from those that occur in hospital, university, and central business district parking areas due to the distinct parking duration distribution at airport parking lots [5] . Compared with other commercial parking areas, the airport parking duration distribution is relatively long-tailed, with some proportion of vehicles staying for several days or occasionally several weeks. According to statistics, in airport parking lots, approximately 75% of the users (short-term) are served by 10% to 30% of the spaces, but the remaining 25% (long-term) may require up to 90% of the parking spaces [6] . This phenomenon leads to a decrease in the parking space turnover rate and an increase in cruising time, causing dissatisfaction with airport parking management.
To improve the QOS of airport parking lots, possible solutions, such as increasing the public parking supply, reallocating supply among public parking products, building up advanced traveler information system to avoid unnecessary cruising [7] , and adjusting parking rates, were proposed [8] . Among all strategies, parking pricing adjustment was the most popular because it balances demand across facilities by reducing demand for a specific facility, generates revenue, reduces parking demand, and does not require additional investment to expand the parking facilities. The pricing adjustment method can be categorized into several classes: traditional rate adjustment, dynamic rates over time, and pricing based on consumer characteristics [8] . Airport authorities can select specific regulation strategies based on their parking conditions and target users.
In 2014, the Hongqiao International Airport parking lot suffered from spillover caused by an increase in long-term parking demand. To decrease long-term parking demand, the 2 Journal of Advanced Transportation airport authority took an innovative approach by maintaining the parking rates while using ladder maximum daily charging fees based on parking duration for long-term parkers. This novel price strategy was intended to suppress the long-term parking demand and was applied on Feb. 12, 2015. This new pricing scheme offers a new perspective for managing long-term parking, and a comprehensive evaluation of its effectiveness is needed. In this paper, we propose an evaluation framework to measure the effectiveness of the pricing scheme considering both travelers' and managers' demand for parking on workdays and holidays. The key inputs are obtained based on automatic transaction (AT) data and the vehicle arrival/departure rate at Shanghai Hongqiao International Airport before and after the price adjustment (BPA/APA). We further calibrated the price elasticity of travelers and found that price elasticity varied based on parking duration. The proposed evaluation framework has universality and can be applied to the evaluation of various management schemes.
The remainder of this paper is organized as follows. Section 2 presents a comprehensive review of previous studies on the parking pricing method and an evaluation of pricing schemes. The basic information for the Shanghai Hongqiao International Terminal 2 parking lot and the parking price policy before and after rate modifications is introduced in Section 3. The evaluation framework for estimating the pricing scheme effectiveness is presented in Section 4. The results and discussion section is then presented in Section 5. Finally, the conclusion, limitations, and future research directions are discussed in Section 6.
Literature Review
Parking price has been proven to have a major effect on the level of service of parking areas. Low parking rates may encourage parking demand, leading to the absence of available spaces, while high parking prices may cause excess resources and parking market loss [9, 10] . The optimal parking price should offer a trade-off between the available spaces for potential users and the high utilization of the facilities. To ensure the serviceability of the parking areas, traffic engineers always choose a management scheme that leads to 15% of the parking spaces remaining vacant. This criterion ensures sufficient parking spaces and avoids a dramatic increase in cruising time to find spaces when the occupancy level becomes high [11, 12] . Based on this principle, Martens and van Luipen provided a conceptual model for finding the "right price" for parking based on the calculated economic price, current parking tariffs, and occupancy level [13] . Filipovitch and Boamah also determined the optimum parking policy for Minnesota State University based on occupancy level constraints [14] . Jakob et al. designed a dynamic parking pricing decision model for city-level parking management. The proposed model simultaneously minimizes the total cruising time and maximizes total revenue [15] . Pu et al. evaluated the on-street parking price sensitivity at the spatial level based on San Francisco Municipal Transportation Agency data and estimated potential influencing factors. The results indicated the need for various pricing schemes for parking areas to balance parking demand and supply [16] .
The optimum price also varies due to people's attitudes in response to price change. To quantify price sensitivity, the concept of elasticity is applied in the parking pricing area. Two major methods, stated preference surveys (SP) [17] [18] [19] [20] [21] and revealed preference surveys (RP) [22] [23] [24] [25] , have been applied to estimate this parameter [26] . These studies provide a quantitative level of price sensitivity for optimum price estimation as well as reveal some of the potential factors, including trip purpose, parking region, parking time and duration, and income level that affect the response to the parking price.
Along with determining a reasonable price for parking management, evaluating the impacts of pricing is important for organizations and authorities. Cats et al. suggested that factors including parking duration, turnover, and parking occupancy should be evaluated during the assessment process [25] . Alemi et al. further proposed mixed effect difference-in-difference models to estimate the effect of price changes due to a San Francisco parking pricing program and found that the average parking search time and distance decline by approximately 15% and 12%, respectively [27] .
According to the literature review, methods for designing the parking pricing rate are well researched. However, few studies have focused on evaluating the effectiveness of pricing adjustments, and the methodology for quantifying these is not clear. The limitations in this area still need further study and extensions.
Introduction of the Hongqiao International Airport Parking Lot and Its Parking Policy
Hongqiao Airport lies in the west of Shanghai and is 13 kilometers away from Shanghai's city center. It is one of the busiest airports in China, serving approximately 253,300 flights and 37.96 million passengers in 2015. There are two terminals in the Hongqiao Airport. Terminal 1 is mainly for international use, and Terminal 2 serves domestic flights. The parking lots of Terminal 1 and 2 are operated independently. The data provided are AT data from the Terminal 2 parking lot. The Terminal 2 parking lot is open to private vehicles, buses and coaches and separated into 4 different parking areas. Among them, P6 and P7 are designated for light private vehicles, and 3316 parking spaces in total are provided in these two sections. P5 and P8 are designated for buses and coaches. Vehicles are charged based on their parking duration. Vehicles do not have to pay the parking fee if the duration is less than 20 minutes, and the maximum charge per day is regulated. The price for buses and coaches is slightly higher than that for private vehicles. Because the behavior of drivers of private vehicles is different from that of drivers of buses and coaches, our study focused on private vehicles.
Based on AT data in 2014, long-term (more than 8 hours) parking represents nearly 73.5% of the total occupant time of the parking lot, although long-term parking demand accounts for only 8% of the total parking demand. As a result, the airport is faced with a shortage of parking spaces. During Table 1 : Comparison of the T2 parking lot charging rate before and after price modification.
Parking duration
Previous rate (RMB) Current rate (RMB) First day More than 1 day First day Second day More than 2 days < 20 minutes  0  10  0  10  10  20 minutes∼ 1 hour  10  10  1∼2 hours  20  20  20  20  20  2∼3 hours  25  25  25  25  25  3∼4 hours  30  30  30  30  30  4∼5 hours  35  35  35  35  35  5∼6 hours  40  40  40  40  40  6∼7 hours  45  45 peak hours, drivers are challenged to find vacant parking spaces.
The airport authority recognized that the parking problem could be alleviated if the long-term parking demand was suppressed. On Feb. 12, 2015, the airport authority increased the parking rate for long-term parking. The original and modified parking rates are presented in Table 1 . For example, the hourly parking rates remain at 10 RMB/h for the first 2 hours and 5 RMB/h for each additional hour. However, the maximum parking rates are increased. The previous maximum parking rate was 50 RMB per day, and after the price adjustment, this increased to 60 RMB/day and 80 RMB/day for the first day and the second day, respectively. For vehicles staying for more than two days, the maximum parking fee increases to 110 RMB/day. The rate for long-term parking increased dramatically in an attempt to reduce the long-term parking demand.
The AT data before and after the price adjustment provide a good opportunity to estimate parking price elasticity and evaluate the impacts of price adjustment. The AT data from Jan 1st, 2014, to May 30th, 2015, were provided for this study. The data contain the entrance time, parking duration, and parking expense of each vehicle entering the parking lot within the above time period. The data also contain the employee parking data, which are excluded from the analysis. The number of flights arriving at and departing from this terminal in the same period was also collected for the subsequent analysis.
Evaluation Framework
When estimating the impacts of the new price strategy, it is appropriate to consider the impacts on both customers and managers. For travelers, the indexes chosen reflect the QOS of the parking lot, while the index for managers mainly considers the profitability and utilization of the parking facilities. The evaluation indexes are summarized in Table 2 .
Indexes for Evaluating the QOS of Parking Facilities.
QOS describes how well a transportation facility or service operates from the traveler's perspective [28] . Two different categories are considered in this paper to evaluate the QOS of the Hongqiao Airport Terminal 2 parking lot: the availability of parking facilities and the delay in the parking process.
The Availability of Parking Facilities. The availability of parking facilities can be measured by the occupancy level. This index reflects the difference between parking demand and capacity for a given price. If the demand does not exceed the capacity, this parameter is below 1, and when capacity is exceeded, it is greater than 1. The occupancy level (OL) can be estimated based on (1):
where 푡 is the OL in the analysis period at given time point t, 푡 is the number of vehicles parked in the parking lot at the given time point t, and is the total parking spaces provided by the parking lot.
Parking Delay. During the parking process, vehicles suffer extra delay during the access process and the space searching process. The delay during parking can reflect the parking conditions and parking lot service level. The parking delay can be summarized by the following equation: Table 2 : Indexes for evaluating the impacts of the new parking price strategy.
Evaluation Index Perspective Detail Occupancy level Travelers
Reflects the availability of parking facilities Access Delay
Reflects satisfaction during the access process Searching Delay
Reflects the efficiency of the space searching process Throughput Managers
Reflects the utilization and the circulation of parking facilities Daily Transaction Amount
Reflects the parking demand that has been satisfied Income
Reflects the profitability of the parking facilities
where 푎 and 푑 are the delays that occur during the arrival and departure processes, respectively. 푠 is the time cost of searching for available parking spaces. Because the access delay ( 푎 and 푑 ) is mainly caused by time in queues and time cost during tolling, the arrival and departure delay can be estimated by the famous Pollaczek-Khintchine formula (see (3)) based on queueing theory [29] :
where is the average delay of vehicles during the exiting process with price and at time period t; is the mean vehicle arrival rate at time when the price equals p; is the saturation level, which equals / ; is the serving frequency and 1/ equals the average service time; V represents the variance in the service distribution. However, the delay that occurs during the space searching process varies due to the number of parking spaces, the layout of the parking lot, the efficiency of the parking guidance system, and the OL. Some research also indicated that the cruising time would vary according to land use [30] . When the parking facilities are chosen, the searching delay can be estimated based on a function with the OL as the only variable. Previous studies indicate that when the OL is lower than 80∼90%, the cruising time is relatively low, and motorists can find a parking spot quickly [31, 32] . To simplify the estimation process, in this paper, we use the OL to reflect the space searching delay.
Efficiency of Parking Facilities: A Manager's Perspective
Throughput. Throughput is the utilization rate for a parking facility in a given period of time. This parameter reflects the number of vehicles each parking space served during a time interval, and a high throughput indicates that the parking facilities serve a large demand. This index can be estimated by (4) .
where 푖 is the throughput of the analyzed parking lot during period i and 푖 is the total number of vehicles parked in the parking lot during period i. Income and satisfied demand are considered in this paper as well. Income mainly reflects the earning power of the parking lots. When a new price regulation is established, income should first guarantee the sustainability of the parking lot. The demand that has been satisfied by the parking lot is similar to the throughput, as it reflects the utilization of the parking spaces.
Methodology for Price Elasticity Estimation.
In economics, elasticity is defined as the ratio of the percentage change in one variable in response to a percentage change in another variable, holding all else constant. This parameter is widely used to quantify how parking demand changes in response to a price adjustment. Because airport parking demand may be affected by factors other than price, such as flight volume and holidays, when price elasticity is estimated based on its original concept, it is inaccurate. Therefore, a logbased regression method is used to model the relationship between parking demand and potential factors. This method provides quantitative results for parking demand caused by other variables and provides the point price elasticity of customers with various parking durations. The log-based regression model in this paper is set up as follows:
where 푖,푡 is the parking demand during the ith week for those parking with a duration within parking duration category t; 푖,푡 is the parking price in week for parking duration category t; 푖 is the total volume of arriving and departing flights in Hongqiao Terminal 2 in week i; parameter is proposed in this equation to consider the average growth rate of parking demand; H is the holiday effect group. This group contains several parameters to reflect the holiday effects on parking demand and elasticity during holidays. In detail, lt is the dummy variable parameter considering the existence of long-term holidays. blt is the dummy variable for weeks before long-term holidays. c depicts whether the parking price is new within the ith week. It would be 1 if the parking price is changed. 0,t to 7,t are the estimation parameters for duration category t, and i,t is the residual for parking duration in the ith week.
As presented in (5) , the dependent variable is the logarithm of the weekly parking data. To differentiate users with different parking durations, we divide the data into 5 different Journal of Advanced Transportation 5 categories and run the regression for each category separately. The total parking demand, mean parking price, and total arrival and departure flight volumes are calculated to calibrate the model in (5) .
In addition, to consider the difference in parking demand between ordinary weeks and holidays, dummy variables are used to represent the type of day. Weeks within long-term holidays or before long-term holidays are coded as 1 in the corresponding parameters.
In this model, the parking price elasticity for ordinary weekdays equals the amount of 2,푡 . In addition, 2,푡 + 5,푡 , 2,푡 + 6,푡 would be the parking price elasticity for the weeks before long-term holidays and the weeks of long-term holidays, respectively.
Evaluation and Discussion

Basic Statistics of the Parking Characteristics in Hongqiao Terminal 2 Parking Lot
Parking Duration Variation. The increase in the maximum parking fee led to variation in the parking duration distribution (Table 3 ). Parking demand with 8∼24 hours duration did not significantly decrease. However, with the increase in the parking fee, overall parking demand decreased by 9∼34% based on the duration length. Although the long-term parking demand was dramatically reduced, the new price regulation strategy largely encourages short-term parking demand, driving 7.4% in growth (from 9369 to 10,061 veh/d). This rise is largely driven by free parking demand, which saw a nearly 23% increase. The parking demand for 1∼3 hours and 4∼8 hours also increased by 4.1% and 2.3%, respectively.
Temporal Access Demand Variation. To analyze the impacts of the price adjustment, the fluctuations in daily average demand accessing the Hongqiao Terminal 2 parking lot before and after the price adjustment and the coefficient of the demand variance are presented in Figure 1 . The increase in parking demand mainly occurs between 12 pm and 0 am, especially after 17 pm. The CV estimation indicates that the variation in the parking demand remains stable before and after the price adjustment.
Change in Temporal Parking Demand. With the reduction in overnight and long-term parking, the OL of the Hongqiao Terminal 2 parking lot also decreased considerably after the price adjustment (Figure 2 ). During the long-term Spring Festival holiday in 2014, 3709 vehicles parked in the parking lots during the peak period, which exceeded the designed capacity. Nearly 44% of the time, the parking lot was operating under a high level of occupancy (OL >0.85). However, after the price adjustment, the maximum occupancy dropped to 2735, and the OL was less than 0.85 during the 2015 Spring Festival. For parking lot performance on ordinary days, the maximum occupancy was 4004 between 2014/11/17 and 2014/11/23, which exceeded the lot capacity by approximately 20.7%. With the current price policy, the highest OL decreased to 3447, and the parking lot OL was over 0.85 only 26% of the time between 2015/3/16 and 2015/3/22. All of these results indicate the effectiveness of this policy in improving airport parking lot performance.
Performance Estimation
QOS Analysis. The average occupancy levels during the peak period are estimated based on the AT data and presented in Table 4 along with the entrance and exit delay. The analysis results indicate that, with the application of the ladder maximum charging fee, the availability of parking spaces increased, especially during long-term holidays. The peak hour OL during the long-term holiday drops to 0.795, which corresponds to 1.08 in 2014. The peak hour OL during ordinary days also experienced a 13% decrease due to the new price strategy. The original OL during the peak period suggests difficulty in searching available spaces. After price regulation, because the OL level is approximately 0.8, vehicles can easily find available spaces and reduce searching delay.
We also investigated the entrance and exit service rates to further estimate delays. According to the survey results, the average service time at the entrance and exit gate is 8 and 17 seconds, respectively, with standard deviations of 3.1 seconds and 7.8 seconds. Based on these results, the 6 Journal of Advanced Transportation average entrance and exit delay during the peak period are estimated. It is clear that the new price strategy encouraged short-term parking demand during the peak period, causing pressure during the access process. The exit delay increased to 41.88 seconds/vehicle. The entrance delay also increased by approximately 1.3 seconds. Due to the low access demand during long-term holidays, the access delay is relatively low compared with that on ordinary days. The access pressure is not as serious as it is during ordinary days; therefore, the access delay difference is not significant during long-term holidays.
Profitability and Facility Utilization Analysis. The average throughput, transaction amount, and income per day are calculated based on the AT data and presented in Table 5 . The throughput results for both ordinary days and longterm holidays increased after the price adjustment. These parameters indicate that greater demand was served by the parking facilities in the Hongqiao Terminal 2 parking lot after the price adjustment. The increase in the maximum daily charging fee also made the parking lot more profitable, partially due to the increase in short-term parkers. Meanwhile, income growth also saw a contribution from long-term parkers, because the prices are inelastic for long-term parkers. This is discussed in the next section.
Elasticity Analysis.
The elasticities of the terminal 2 parking lot users with different durations are calibrated, and parameters with p-values less than 0.05 are presented in Table 6 . The price elasticity of long-term parkers is within the range of -0.228 and -0.689. These figures indicate that parking demand is relatively inelastic ( 2 > −1). The sensitivity to price changes also varies due to the parking time length. Those parking for 2∼3 days are much more sensitive to price changes than those in other duration categories. Extra elasticity before long-term holidays is also identified. This shows that increasing the maximum charging fees for longterm parkers has further helped decrease parking demand during holidays even if the elasticity is relatively low for users staying between 9 and 72 hours. The extra elasticity for longterm holidays is nonsignificant and thus is not provided in this paper.
Meanwhile, the calibration results also indicate that demand for parking with a duration of 25∼72 hours is elastic to the number of flights. This phenomenon does not exist in the categories with other durations. The results also indicated that before and during long-term holidays, parking demand of less than 3 days would decrease, and parking areas would be occupied by vehicles with longer parking durations. This may be caused by the demand for long-term travel during holidays. Figure 2 : The occupancy of the Hongqiao Terminal 2 parking lot: (a) the occupancy during the Spring Festival before price adjustment; (b) the occupancy during the Spring Festival after price adjustment; (c) the occupancy during an ordinary week before price adjustment; (d) the occupancy during an ordinary week after price adjustment.
Conclusion
Due to the high level of long-term parking demand, the Shanghai Hongqiao airport implemented a ladder maximum daily charging fee to suppress the increase in long-term parkers. This study estimated the impacts of this innovative price strategy on the QOS of this parking lot based on AT data from before and after the strategy was implemented. An evaluation framework was proposed, and the evaluated indexes were carefully selected according to the user and manager perspectives. The estimated results indicated that the OL during the peak period dropped approximately 13% and 26% on ordinary days and long-term holidays, respectively, and throughput and daily income increased with the implementation of this novel price strategy. We further estimated the price elasticity of customers with various parking durations and other factors that affect parking demand. The results indicated that parking price was relatively inelastic and varied with parking duration.
In conclusion, this paper presented a framework for assessing the effectiveness of parking price adjustment considering various aspects, including OL, access day via parking, throughput, income, etc. The proposed framework can be further implemented to evaluate the effectiveness of other parking management strategies as well. The elasticity calibration results indicated that the price elasticity would vary due to the parking duration; this result could provide insights to airport parking management. For future studies, 8 Journal of Advanced Transportation in order to improve the accuracy of QOS evaluation at airport parking lot, the impact of price adjustment on various type of vehicles should be considered. Moreover, the cruising time of vehicles at airport parking lot should be further discussed and considered in such studies.
Data Availability
The service time data used to support the findings of this study are included within the article.
